Background: Injury to the external laryngeal branch of the superior laryngeal nerve during thyroid surgery is not uncommon. Most surgeons tend to avoid rather than expose and identify the external laryngeal nerve (ELN). The aim of the present study was to analyse the frequency and types of ELN crossing the avascular space in relationship to the structures to the upper pole of the thyroid and related thyroid pathology. Methods: One hundred and fifty-one consecutive patients who had thyroid surgery from February 1998 to February 1999 and who met the required preoperative criteria were included into this prospective study. The frequency and type of ELN was documented as it crossed the potential avascular space. Results: A total of 202 ELN (92.7%) nerves were identified during thyroid surgery. The frequency of the ELN documented crossing the avascular space were: type 1 nerve, 35 (17.3%); type 2a, 113 (56%); and type 2b, 54 (26.7%). Sixteen (7.3%) ELN were not seen despite an extensive search; seven (3.2%) were cases of secondary thyroid surgery and six (2.8%) were cases of malignant related pathology. In 78 cases the goitres weighed more than 100 g and the frequencies of ELN distribution seen were: type 1, six (7.7%); type 2a, 32 (41%); and type 2b, 40 (51.3%). There was a considerably higher frequency of type 2b ELN (51.3%) in large goitres of more than 100 g.
INTRODUCTION
Voice changes following thyroid surgery are usually attributed to injury to the recurrent laryngeal nerve. [1] [2] [3] The external laryngeal branch of the superior laryngeal nerve, however, is also at risk due to its proximity to the superior pole of the thyroid gland. The external laryngeal nerve (ELN) innervates the cricothyroid muscle, which acts as the tensor of the vocal cord. Injury to the ELN will result in voice changes ranging from slight huskiness, poor volume and tired voice to inability to reach a high pitch, which would significantly affect those who use their voices professionally such as singers and public speakers. 1, 2 The ELN runs close to the superior thyroid artery, thus making it vulnerable to injury during ligation of the vessel during thyroid surgery. [4] [5] [6] Careful and meticulous dissection is imperative to avoid injury to the nerve. It is also important to have adequate knowledge of the anatomical variations of the course of the nerve. 1, 4, 6 Although most surgeons tend to avoid rather than to expose the nerve, injury of the low-lying ELN intertwining with the superior thyroid artery would be inevitable. The presence of a potential avascular space (space of Reeve) between the upper pole of the thyroid and cricothyroid muscle has been re-emphasized because it aids the exposure of the ELN, which is crucial for safe dissection. 7 The aim of the present study was to analyse the frequency and types of ELN crossing this avascular space in relation to the structures of the upper pole of the thyroid and the related thyroid pathology.
METHODS
One hundred and fifty-one consecutive patients who had thyroid surgery were included in this non-randomized prospective study from February 1998 to February 1999. Information was obtained from the database at the Breast and Endocrine Surgical Unit, Kuala Lumpur Hospital. The technique of thyroid surgery in the Breast and Endocrine Unit was adopted and standardized as described by Delbridge et al. 8 In a patient who had a total or subtotal thyroidectomy, each side of the gland was considered as a separate unit. The presence of the potential avascular space, which is located between the medial aspect of the superior pole of thyroid lobe and cricothyroid muscle, helps in the exposure and identification of the ELN. 7 The type and frequency of the nerve seen was documented as it crossed the space.
The ELN was categorized according to the proposed classification by Cernea et al. 9 This anatomic classification of the ELN is based on the potential risk of injury to the nerve during thyroid surgery. It categorizes the nerve according to its relationship to the upper edge of the superior thyroid pole. In brief, the type 1 nerve crosses the superior thyroid vessels more than 1 cm above the upper edge of the superior thyroid pole. The type 2a nerve crosses the vessels less than 1 cm above the upper edge of the superior thyroid pole and the type 2b nerve crosses the superior thyroid pedicle below the upper border of the superior thyroid pole. Obviously the type 2a and 2b nerves are vulnerable and at the highest risk of injury due to their low-lying course.
The distribution and frequency of ELN was correlated with patient sex, age and ethnic distribution. We also looked into the distribution of the nerve with regard to the weight of the gland and the related pathology. In our attempt to improve the results, the practical application of the nerve stimulator was assessed and made available for comparison. The exposed nerve or any other structure resembling the nerve was stimulated with 0.6-mA and the contraction of cricothyroid muscle in the same operative field was observed. Statistical analysis was conducted using the chi-squared test.
RESULTS
There were 59 patients who had total thyroidectomy and three patients who had subtotal thyroidectomy while 74 patients had hemithyroidectomy and 15 patients had secondary thyroidectomy. The female-to-male ratio was 5:1 with a mean age of 44 years (range: 17-73 years). A total of 202 ELN were confidently identified out of 218 dissections (92.7%). The frequency of the ELN documented crossing the avascular space was: type 1 nerve, 35 (17.3%); type 2a, 113 (56%); and type 2b, 54 (26.7%) ( Table 1 ). According to the anatomical classification the type 2b nerve is at the highest risk of injury and our data were made available for comparison with other studies (Table 2) . 7, 9 In general, the type 2a ELN was more frequently encountered. Nonetheless when we studied the ELN in large goitres of more than 100 g there was a higher frequency of type 2b nerve (51.3%) as compared to only six (7.7%) of the type 1 and 32 (41%) of the type 2a nerve (Table 1) . This was statistically significant (P < 0.01). As such those surgeons who tend to avoid rather than expose the ELN would need to be aware that in large goitres more than 50% of nerves are likely to be of type 2b, and are therefore at risk of injury during thyroid surgery. Furthermore it appears that in the Indian ethnic group there was a greater distribution and variation of type 2b ELN (37.8%) as compared to those in the Malay (20.8%) and Chinese (30.2%) ethnic groups. It is interesting to learn that in one study there was also a similar finding of increased frequency of type 2b nerves observed in non-white people. 10 This could be attributed to either the large size of goitres or an increased variation of type 2b nerve among Indian people. Nevertheless, this association in the present series was statistically not significant (P > 0.01).
Others would attribute this mainly to the large size of goitre rather than the ethnic distribution. Interestingly, when we analysed the weight of large goitres among the various ethnic groups it was surprising to learn that Indian people have the smallest proportion of large goitres as compared to others (Malay 50%, Chinese 27%, Indian 23%).
In primary thyroid surgery 95.5% (189 out of 198 dissections) of ELN were exposed and identified without much difficulty. In secondary thyroid surgery, however, only 65% (13 out of 20 dissections) of ELN were identified. This was mainly due to the difficulty in exposure coupled with severe adhesions and fibrosis encountered in the secondary procedure. A total of 16 (7.3%) ELN were not seen despite an extensive search of which seven cases (3.2%) were in secondary thyroid surgery and six cases (2.8%) were encountered in malignant related pathology. There was, however, no difference in the distribution and types of ELN in related pathology of either benign or malignant cases. Although there was also no significant correlation between the type of ELN and age of patients, there was a significantly higher number of type 2b nerves in men than in women.
The presence of an avascular space aided the recognition of 92% of ELN, but when the application of the nerve stimulator was assessed 97% of the ELN (33 ELN out of 34 dissections) could be confidently identified. It appears that the detection rate of type 1 ELN nerves was doubled (30.3% vs 14.8%) when the nerve stimulator was used (Table 1) . Hence, it is not surprising to learn that the nerve stimulator enables the detection and confirmation of type 1 nerves with full confidence.
DISCUSSION
The superior laryngeal nerve divides into the internal and external branches high up in the neck. 1, 4 The ELN then runs down to supply the inferior constrictor and cricothyroid muscles. The cricothyroid muscle acts as the tensor of the vocal cord and the ELN is the only motor supply to the muscle. Unilateral injury of the ELN may result in mild voice huskiness, but bilateral injury frequently results in a full range of symptoms. The voice becomes weak and hoarse, and tires easily especially after talking for long periods. The patient typically complains of voice fatigue towards the evening. The injury may be catastrophic to those who use their voice professionally such as singers and public speakers. [1] [2] [3] [4] [5] [6] [7] [9] [10] [11] A number of studies has been performed both on cadaveric as well as on clinical subjects to ascertain the course of the ELN 1,4,6,7,9-11 as it crosses at variable distances near the upper pole of thyroid gland before entering the cricothyroid muscle. Its intimate relationship with the superior thyroid artery renders it susceptible to injury during the dissection and ligation of the vessels. 1, [4] [5] [6] [7] [8] [9] [10] [11] The proposed anatomic classification based on the potential risk of injury to the nerve is practical and reproducible. 9 Over the decades various methods have been advocated during the dissection of the upper pole of the thyroid. In an attempt to completely avoid the ELN many experienced surgeons then prefer to ligate the superior pole at some distance below the entrance of the vessels, leaving a small portion of thyroid tissue. 1 Although this approach is safe, it is not acceptable in thyroid surgery for cancer cases or severe thyrotoxicosis. In such cases the remnant of thyroid tissue left behind may result in persistence or recurrence of the disease. 1, 5 Routine identification of ELN coupled with meticulous dissection and individual ligation of the superior thyroid vessels would be the technical benchmark to avoid nerve injury. [6] [7] [8] [9] [10] [11] On the contrary the technique of mass ligation should be avoided at all cost because it is unsafe and inevitably may jeopardize the ELN in the process. 10 The potential avascular space (space of Reeve) as described earlier further enhances the exposure and safety of the dissection. 7 In addition we advocate capsular dissection close to the medial surface of the superior pole of the thyroid to avoid injury to the nerve.
Furthermore the size of the goitre itself may act as an indicator for whether the nerve is at a higher risk of injury. In large goitres 54% of ELN observed were of type 2b 12 (the most vulnerable to injury). The present study showed similar results in that more than 50% of ELN in large goitres were type 2b. The increased number of type 2b nerves may be due to the upward enlargement of the superior pole of the thyroid rather than the low descending course of the ELN. Nonetheless, our study also showed that there was an increased anatomic variation of type 2b ELN in Indian people, which was not related to the size of goitre. It is interesting to note that an increased anatomic variation of type 2b ELN among non-white people has been previously documented. 10 Hence, it has been postulated that there might be an increased frequency of high-risk anatomic configuration in nonwhite people. A further detailed demographic study of ELN is necessary to substantiate this assertion.
The routine application of nerve stimulators to confirm the nerve and avoid inadvertent injury during dissection has been advocated by several authors. 10, 13 Our study showed that the nerve stimulator has a substantial advantage in identifying the type 1 ELN, which is found at a higher position and is crowded under the attachment of sternothyroid muscle.
Although it would seem desirable to use the nerve stimulator routinely during thyroid surgery we cannot make any objective conclusion at this stage due to the limited number of patients in this group. An ongoing study is being carried out in the Breast and Endocrine Surgical Unit, Kuala Lumpur Hospital to verify and evaluate the benefit of using nerve stimulators in the identification of ELN.
CONCLUSIONS
The various technical problems encountered in preserving the ELN need to be considered. The recognition of the potential avascular space aids the exposure and preservation of ELN. As such every attempt should be made to ensure safe dissection, particularly as regards the ELN, in order to minimize the morbidity related to thyroid surgery.
